Objectives: Low testosterone levels in men have been associated with cardiovascular risk factors and atherosclerosis and lately also an increased risk of both cardiovascular disease (CVD) and all-cause mortality. As arterial CVDs and venous thromboembolism (VTE) have been shown to share common risk factors, the purpose of the present study was to determine the impact of endogenous sex hormone levels on the incidence of VTE in a cohort of men. Design: A prospective, population-based study. Methods: Sex hormone measurements were available in 1350 men, aged 50-84, participating in the Tromsø study in 1994-1995. First, lifetime VTE-events during the follow-up were registered up to September 1 2007. Results: There were 63 incident VTE-events (4.5 per 1000 person-years) during a mean of 10.4 years of follow-up. Age was significantly associated with increased risk of VTE; men 70 years or older had a 2.5-fold higher risk of VTE (HR 2.47, 95% CI 1.19-5.12), compared with those between 50 and 60 years of age. In age-adjusted analyses, endogenous sex hormones levels were not associated with risk of VTE; for each S.D. increase, hazards ratios (95% CI) were 1.06 (0.83-1.35) for total testosterone, 1.02 (0.79-1.33) for free testosterone, and 1.27 (0.94-1.71) for ln-estradiol. In dichotomized analyses comparing men in the lowest total and free testosterone quartile with men in the higher quartiles, hypoandrogenemia was not associated with risk of VTE. Conclusions: In this population-based study of middle-aged and older men, endogenous sex hormone levels were not associated with 10-year risk of VTE.
Introduction
Epidemiological studies have shown that low testosterone levels are associated with several cardiovascular disease (CVD) risk factors such as abdominal obesity (1), blood pressure (2), lipid levels (3), and left ventricular mass (2) . Similarly, lower testosterone levels have also been found in men with hypertension (2, 4), stroke (5) , diabetes mellitus (6) , and atherosclerosis (7, 8) . Recently, low testosterone levels were also shown to be associated with an increased risk of both CVD and all-cause mortality in men (9, 10) .
Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is a common disease with serious short and long term complications, and a potential fatal outcome (11) . Although surgery, trauma, hospitalization, malignancy, immobilization, pregnancy, use of estrogen, and inherited thrombophilia are each associated with VTE (11, 12) , 30-50% of VTE events occur in the absence of apparent predisposing factors (13) . The concept that VTE and arterial CVD are distinct entities has been challenged during the last years. Patients with unprovoked VTE are reported to have a higher frequency of carotid plaques (14) and increased incidence of CVD (15) . A recent meta-analysis, based on selected prospective studies and case-control studies with verified endpoints, concluded that several CVD risk factors such as hypertension, dyslipidemia, and diabetes mellitus were associated with VTE (16) . Furthermore, Braekkan et al. (17) recently reported that family history of myocardial infarction was an independent risk factor for VTE.
As low testosterone levels have been associated with CVD risk factors and increased risk of CVD events in men, and VTE and arterial thromboembolism share some of these risk factors, it seems relevant to investigate the impact of testosterone levels on incident VTE. Furthermore, as testosterone is converted by aromatase to estradiol it would also be important to assess the association of endogenous estradiol and VTE. Accordingly, we performed a prospective, population-based study in men from the Tromsø study to assess the impact of endogenous sex hormones on the incidence of VTE.
Methods

Study population
The participants of the study were men recruited from a population-based health study, the fourth survey of the Tromsø study (1994) (1995) . The study population has been described in detail previously (5) . In a random sample of 1605 non-fasting men, aged 25-84 years, blood samples were drawn between 0800 and 1600 h. Serum samples were stored at K70 8C, until they were first thawed for analyses of sex hormones in 2001. Determination of total testosterone, estradiol, and sex hormone-binding globulin (SHBG) was performed on Immulite 2000 (Diagnostic Product Corp., Los Angeles, CA, USA). The intra-and inter-assay coefficients of variation (CV) for the analyses were between 5 and 10%.
Free testosterone values were calculated from total testosterone and SHBG using a fixed albumin concentration according to Vermeulen et al. (18) . Height and weight were measured in standing subjects wearing light clothing without shoes, and body mass index (BMI; kg/m 2 ) was calculated. Self-administered questionnaires that included information about smoking habits and medical history were completed and checked by trained nurses. Men of 50 years and older with a valid testosterone measure who had not previously been diagnosed with VTE were selected for these analyses (nZ1350).
The Tromsø study has been approved by the National Data Security Board as a registry custodian and the study was approved by the Regional Committee for Medical and Health Research Ethics, North Norway. All subjects were asked for an informed consent for further scientific use of data and linkage to existing health registries. Subjects not consenting have been excluded from follow-up.
Outcome assessment
First, lifetime events of VTE during follow-up were identified by searching the computerized index of medical diagnoses, the autopsy register, and the radiology procedure register at the University Hospital of North Norway. The University Hospital of North Norway is the only hospital in the region, and all hospital care and relevant diagnostic radiology in the Tromsø community is provided exclusively by this hospital. The relevant discharge codes were ICD-9 codes 325, 415.1, 451, 452, 453, 671.3, 671.4, 671.9, for the period 1994-1998, and ICD-10 codes I26, I80, I81, I82, I67.6, O22.3, O22.5, O87.1, O87.3 for the period 1999-2007. The index of medical diagnoses included diagnoses from outpatient clinic visits and hospitalizations. An additional search through the computerized index of autopsy diagnoses was conducted, and cases diagnosed with VTE, either as a cause of death (part one of the death certificate), or as a significant condition (part two of the death certificate), were identified. The radiology database was also searched to identify potential cases of objectively confirmed VTE that may have been missed because of coding errors in the index of medical diagnoses. All relevant diagnostic procedures performed at the Department of Radiology to diagnose VTE during the 13-year period were systematically reviewed by trained personnel, and cases with objectively confirmed VTE were identified.
The medical records for each potential VTE-case, derived from the medical diagnostic index, the autopsy register or the radiology procedure register were reviewed by trained personnel. The personnel were blinded to the baseline variables. For subjects derived from the medical diagnostic index and the radiology procedure register, an episode of VTE was verified and recorded as a validated outcome when all the following four criteria were fulfilled: i) objectively confirmed by diagnostic procedures (compression ultrasonography, venography, spiral-CT, perfusion-ventilation scan, pulmonary angiography or autopsy), ii) the medical record indicated that a physician had made a diagnosis of DVT or PE, iii) signs and symptoms consistent with DVT or PE were present, and iv) the patient underwent therapy with anticoagulants (heparin, warfarin or a similar agent), thrombolytics or vascular surgery. For subjects derived from the autopsy registry, a VTE-event was recorded as an outcome when the autopsy record indicated VTE as cause of death or as a significant condition.
A VTE-event was further classified as unprovoked or provoked, based on the presence of provoking factors at the time of diagnosis. The following were regarded as provoking factors: surgery or trauma within 8 weeks before the event, acute medical condition (MI, ischemic stroke, major infectious disease), cancer, marked immobilization (bed rest O3 days, wheelchair patient, long distance travel R4 h within the last 14 days), or other potential provoking factors described by a physician in the medical record (e.g., intravascular catheter).
Statistical analyses
For each participant the follow-up time was accrued from the date of enrolment in the Tromsø study (1994) (1995) to the date a VTE-event was first diagnosed, to the date the participant died or moved from the municipality of Tromsø, or to the end of the studyperiod (September 1 2007).
Power was estimated using PASS (Number Cruncher Statistical Systems, Kaysville, UT, USA). Statistical analysis was carried out using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). The significance level was 0.05.
Univariate associations between sex hormones and baseline characteristics were assessed by Pearson or Spearman correlations, as appropriate. The association between baseline sex hormones and VTE was determined using Cox proportional hazards regressions. Age and BMI were categorized into three intervals (!60, 60-69 and R70 years and !25, 25-29.9 and R30 kg/m 2 respectively). Hormone levels were analyzed as continuous variables, as quartiles based on the whole population, and as dichotomous variables comparing the lowest quartile to the three higher. Estradiol levels were not normally distributed and when used as a continuous variable they were transformed to natural logarithms, and assumed normal distribution. Two separate regression models were evaluated in VTE analyses: the first adjusted for age and the second also adjusted for BMI and smoking status. The sample size and event rate in this study provided greater than 90% power to detect a hazards ratio as low as 1.1 with 20% of variance explained by covariates and a!0.05.
Results
Baseline characteristics of the study population are presented in Table 1 . Mean age was 63G7 years and BMI 26.1G3.5 kg/m 2 . Approximately, one third of the population smoked and 19 percent reported having CVD. During the study period, 97 subjects moved from the municipality of Tromsø, and 390 subjects died. There were 63 validated, first VTE-events during a mean follow-up of 10.4G3.6 years (Fig. 1) . The crude incidence rate of VTE was 4.5 per 1000 persons-years. As shown in Fig. 2 , the incidence rate increased markedly with age.
Characteristics of the VTE-events are shown in Table 2 . Among the subjects with incident VTE, 61.9% had DVT and 38.1% had PE, with or without concurrent DVT. Twenty-three events (36.5%) were unprovoked. Cancer was the most common provoking factor.
Crude and age adjusted hazard ratios (HR) for VTE were calculated and age was significantly associated with increased risk of VTE. Subjects who were of 70 years or older had a 2.5-fold higher risk of VTE (HR 2.47, 95% CI 1.19-5.12) compared with those between 50 and 60 years of age. The HR for VTE by endogenous sex hormone levels are presented in Table 3 . As age and BMI are strong predictors of VTE, and together with smoking correlated to total (rZK0.038, PZ0.165, rZK0.310, P!0.001 and rZ0.226, P!0.001 respectively) and free testosterone (rZK0.267, P!0.001, rZK0.020, PZ0.464, and rZ0.137, P!0.001 respectively), they were included in the regression models. Endogenous sex hormone levels were not associated with risk of VTE either as continuous variables or as quartiles. Dichotomized analyses comparing men in the lowest quartiles of total and free testosterone with men in the higher quartiles also failed to identify any significant association of sex hormones with VTE risk (data not shown). In stratified analyses, endogenous sex hormone levels were not associated with the risk of unprovoked VTE or provoked VTE (data not shown). Finally, all analyses were adjusted for sampling time of the sex hormones, but the lack of associations persisted.
Discussion
Previous studies have shown that low testosterone levels in men are associated with CVD risk factors, CVD events and all-cause mortality (9, 10). As CVD and VTE share several risk factors, we investigated whether endogenous sex hormones in middle-aged and elderly men were risk factors for VTE. In this prospective, population-based study, neither testosterone levels nor estradiol levels were associated with the risk of VTE. Even men with the lowest testosterone levels, who were presumably androgen deficient, were not at increased risk of VTE. As the study was adequately powered, we feel confident that our results were not caused by a type 2 error.
Our results are unchallenged as this is the first population-based study to investigate these associations. Although, CVD and VTE share risk factors (16) our study suggests that low endogenous testosterone levels are not one of them. Low levels of endogenous testosterone have previously been shown to be associated with increased risk of CVD and all-cause mortality (9, 10), but not associated with risk of thromboembolic stroke (19) . Likewise, higher levels of testosterone were not related to VTE risk. Anabolic steroid abuse has been linked to acute vascular events in athletes. Acute thrombosis risk in such athletes could be mediated through androgen-induced abnormalities of coagulation (20) or supraphysiologic testosterone levels could be prothrombotic. There exists no direct evidence that physiological testosterone levels or treatment doses are thrombogenic. For instance, in female to male transsexuals with a mean age of 34 (range 17-70 years), Other diseases within the previous year (myocardial infarction, ischemic stroke, heart failure, inflammatory bowel disease, chronic infections, chronic obstructive pulmonary disease, or myeloproliferative disorder). c Other provoking factors described by a physician in the medical record (e.g. intravascular catheter). treatment with testosterone has not been associated with an increased rate of VTE (21) . Moreover, in vitro studies indicate that testosterone in physiological doses may actually have beneficial effects on the haemostatic system through enhancement of anticoagulant activity in endothelial cells (22) and via modulation of platelet activation (23) . The latter experimental studies support the notion that physiological levels of testosterone would be superior to low testosterone levels in protecting against thrombosis, however, our results in men from a general population do not support this thesis.
It is well known that hormone replacement therapy in menopausal or postmenopausal women is associated with an increased risk of VTE (24), and supraphysiologic estrogen administration to men has been reported to provoke VTE (25) , however, endogenous estrogens were not related to VTE risk in the older men in the present study. By contrast, both total and bioavailable estradiol has previously been associated with an elevated risk of stroke in elderly men (19) .
The search for eternal youth has created a market for drugs/hormones that possibly could affect the process of aging; testosterone is one of the hormones that have been targeted. Testosterone treatment in aging men has increased rapidly during the last few years (26) . We failed to identify either a harmful or protective effect of higher levels of endogenous testosterone with VTE risk, suggesting this outcome may not be affected by testosterone therapy. However, this is the first prospective cohort study of this question and confirmation in other epidemiologic studies is required. In addition, further clinical studies are warranted to establish hemostatic changes in men with prolonged androgen deficiency, and subsequently the impact of testosterone treatment on the hemostatic system and risk of venous thrombosis.
The strengths of our study are its prospective design, long term follow-up, large number of participants, and validated VTE-events. All hospital-care in the region is exclusively provided by a single hospital, which increases the possibility of a complete VTE-register. However, the study also has some limitations. Hormone levels were based on a single sample drawn between 0800 and 1600 h. Preferably, samples should have been drawn in the morning, due to the diurnal variation of total and free testosterone. However, the diurnal variation is reduced markedly with age (27) and adjusting for time of venipuncture did not change the lack of associations. Our samples were kept frozen for w6.5 years at K70 8C, and hormone levels were measured when samples were thawed for the first time. Levels of steroid hormones have been shown to be relatively stable in frozen serum for up to 10 years (28). We did not measure free testosterone, but used calculated values. This calculation has been found to be a reliable index of free testosterone (18) . In summary, although physiological testosterone levels seem to be beneficial for the haemostatic system in vitro studies, in our population-based study, endogenous levels of total and free testosterone and estradiol were not associated with the risk of VTE in middle-aged and older men. As testosterone treatment in aging men is increasing, more studies are warranted to establish the impact of testosterone treatment on the hemostatic system and the risk of both arterial and venous thrombosis.
